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Abstract
Cluster analysis methods have been extensively researched, but the adoption of new methods is often hindered by
technical barriers in their implementation and use. WebGimm is a free cluster analysis web-service, and an open
source general purpose clustering web-server infrastructure designed to facilitate easy deployment of integrated
cluster analysis servers based on clustering and functional annotation algorithms implemented in R. Integrated
functional analyses and interactive browsing of both, clustering structure and functional annotations provides a
complete analytical environment for cluster analysis and interpretation of results. The Java Web Start client-based
interface is modeled after the familiar cluster/treeview packages making its use intuitive to a wide array of
biomedical researchers. For biomedical researchers, WebGimm provides an avenue to access state of the art
clustering procedures. For Bioinformatics methods developers, WebGimm offers a convenient avenue to deploy
their newly developed clustering methods. WebGimm server, software and manuals can be freely accessed at
http://ClusterAnalysis.org/.
Background
Identifying groups of co-expressed genes through cluster
analysis has been successfully used to elucidate affected
biological pathways and postulate transcriptional regula-
tory mechanisms. Methods for co-expression analysis of
gene expression data have been extensively researched,
and numerous clustering algorithms have been devel-
oped. New clustering algorithms often have been imple-
mented as stand-alone computer programs, R packages,
or both [1]. Numerous open source and commercial
integrated analysis systems also implement multiple
clustering algorithms. For example, MultiExperiment
Viewer (MeV) [2] provides access to several clustering
procedures as well as the mechanism for adding addi-
tional methods. The MeV+R package expands the utility
of MeV to serve as a general “wrapper” and GUI for
Bioconductor R packages [3]. Several web-servers for
using specific clustering procedures exist where the
web-interface is designed to gather data and necessary
parameter values while the actual computation is
performed on remote servers [4,5]. Separating the user
interface from the computational infrastructure execut-
ing the algorithm, allows for computationally efficient
implementations that utilize high-end HPC infrastruc-
ture to be leveraged against often computationally
demanding clustering algorithms. Despite all these
efforts, the methods most commonly used in practice
are simple hierarchical clustering procedures implemen-
ted in Michael Eisen’s cluster programs [6]. Results typi-
cally are visualized using the associated treeview
program. “Interesting” clusters are selected by visual
inspection, and functional enrichment analysis, if any, is
performed using well-established online resources such
as DAVID [7]. While seemingly ad-hoc, such general
strategy has been remarkably successful in the analysis
of genomics data.
The rationale for developing WebGimm is two-fold.
First, sophisticated and better performing clustering
methods are likely to be used more often if they are
accessible through a streamlined and familiar interface
requiring only minimal computational resources and no
local installation. Second, an integrated web-based clus-
ter/treeview-like platform that also incorporates func-
tional enrichment analysis will further improve the
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any medium, provided the original work is properly cited.utility of even simple hierarchical clustering procedures.
We aimed to combine the “wrapper” model to facilitate
access to clustering algorithms implemented in R, with
the web-server model of deployment that obviates any
local software installation.
To achieve these goals, we developed WebGimm, an
open source general purpose clustering web-server infra-
structure designed to facilitate the easy deployment of
integrated cluster analysis servers based on clustering
algorithms implemented in R. The design of our Java
Web Start (JWS) client was modeled after the familiar
cluster/treeview package. The version of the software
deployed on our server implements multiple infinite
mixture model based clustering procedures [1,8-11] as
w e l la st h em o s tc o m m o n l yu s e dc l a s s i c a lc l u s t e r i n g
procedures (hierarchical clustering and k-means cluster-
ing). In addition, functional analysis using the CLEAN
framework and FTreeView browser [12] are integrated
within the cluster analysis framework.
Implementation
WebGimm is an open source general purpose clustering
web-server infrastructure designed to facilitate the easy
deployment of integrated cluster analysis servers based
on clustering algorithms implemented in R. The system
consists of a Java GUI client deployed using the Java
Web Start (JWS), and the server-side infrastructure
designed around Java-based WebGimm server and mul-
tiple computing R servers. The server architecture is
shown in Figure 1.
The design of the Java client is modeled after the famil-
iar cluster/treeview package. The client’sf u n c t i o ni st o
pass user-specified analysis parameters and data to the
server for analysis, and to facilitate viewing and down-
loading of analysis results. The server facilitates simple
data centering and scaling, executing various clustering
algorithms, performing functional enrichment analysis
using CLEAN and viewing results of functionally
annotated clustering results using Functional TreeView
(FTreeView) [12]. The WebGimm server accepts data
and computation requests from clients and assigns one
of the R servers to perform the analysis using Rserve
infrastructure http://www.rforge.net/Rserve/. R servers
perform all computational tasks associated with cluster
analysis and functional enrichment analysis by executing
an R script with parameters supplied by the WebGimm
server. R servers provide clients with feedback about the
progress being made and also send a notification once
the computation completes. Jobs are assigned to the ser-
vers in a round-robin fashion to evenly distribute the
load among a “farm” of R servers.
Results and Discussion
WebGimm serves as an integrated platform for cluster
analysis, functional annotation of clustering results, and
for exploring analytical results using the (FTreeView).
The version of the software deployed on our server
implements Gaussian Infinite Mixture Model (GIMM)
based clustering procedures [1,8-10] as well as commonly
used heuristic methods (hierarchical clustering and k-
means clustering). In addition to providing a convenient
tool for using GIMM, the integrated functional analysis
and FTreeView browser provide a strong incentive to use
the tool even when applying simple clustering proce-
dures. The simplicity of deployment and the interface
allows anybody with only conceptual understanding of
cluster analysis to start using it with little effort.
Figure 2 demonstrates the use of the differential co-
expression infinite mixture (DCIM) model [9] to cluster
genes and group samples based on patterns of “differen-
tial co-expression”, functionally annotate clustering
results, and display them in FTreeView. After comple-
tion of the clustering analysis, the user has the option of
examining the results using FTreeView, or performing
functional enrichment analysis of the clustering results.
In this case we used L2L lists [13] as the functional
category to use in the CLEAN analysis and integrated
analysis results are displayed in FTreeView.
The WebGimm infrastructure also provides a conveni-
ent way to implement and distribute newly developed
clustering procedures. The complete code for client and
server-side software, as well as instructions for deploying
t h es e r v e r ,c a nb ed o w n l o a d e df r o mt h es u p p o r tw e b
site. By making simple modifications to the client GUI
and the backend R scripts, Bioinformatics developers
can deploy their own methods on their own servers in a
way that is accessible to users without technical Bioin-
formatics expertise. Such deployment will likely increase
the impact of their procedures, while allowing biomedi-
cal researchers to easily test state of the art analytical
procedures and choose the one producing most mean-
ingful results for their dataset at hand. Furthermore,
Figure 1 WebGimm Architecture. The complete system consists
of three logical modules, the Client(s), the WebGimm server, and
the R server(s).
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user interface allows for a straightforward adoption of
advanced computational paradigms. For example, the
recent implementation of the hierarchical clustering
using CUDA general purpose programming tools for
NVIDIA Graphical Processing Units achieved 48-fold
speed-up over typical desktop CPU using traditional
sequential algorithm [14]. Implementing such algorithms
on the computational server would not require any
modifications of the WebGimm client.
Availability and Requirement
Project name: WebGimm
Project home page: http://ClusterAnalysis.org
Operating system: platform independent client (tested
on MS Windows, Mac OS and Linux), Linux-based
web-server, platform-independent R packages
Programming language: Java, C++, MySQL, R
Other requirements: None
License: The tool is available online free of charge,
and code is available based on GNU GPL.
Any restrictions to use by non-academics: None
List of abbreviations used
CLEAN: Clustering Enrichment Analysis; DAVID: Database for Annotation,
Visualization and Integrated Discovery; GIMM: Gaussian Infinite Mixture
Model; JWS: Java Web Start.
Acknowledgements
This research was supported by grants from the National Human Genome
Research Institute (R01 HG003749), National Library of Medicine (R21
LM009662) and NIEHS Center for Environmental Genetics grant (P30
ES06096).
Authors’ contributions
VJ developed the complete server infrastructure and the JWS client. MM
conceived and led the development of the software and the web-server. JF
developed the server-side R scripts for performing cluster analysis and
functional analysis. ZH develops and maintains the c++ GIMM code, VJ and
MM wrote the paper. All authors read and approved the final manuscript.
Competing interests
’The authors declare that they have no competing interests.
Received: 7 December 2010 Accepted: 17 January 2011
Published: 17 January 2011
References
1. Liu X, Sivaganesan S, Yeung KY, Guo J, Bumgarner RE, Medvedovic M:
Context-specific infinite mixtures for clustering gene expression profiles
across diverse microarray dataset. Bioinformatics 2006, 22:1737-1744.
2. Saeed AI, Sharov V, White J, Li J, Liang W, Bhagabati N, Braisted J, Klapa M,
Currier T, Thiagarajan M, et al: TM4: a free, open-source system for
microarray data management and analysis. Biotechniques 2003,
34:374-378.
3. Chu V, Gottardo R, Raftery A, Bumgarner R, Yeung K: MeV+R: using MeV as
a graphical user interface for Bioconductor applications in microarray
analysis. Genome Biology 2008, 9:R118.
4. Xiang Z, Qin ZS, He Y: CRCView: a web server for analyzing and
visualizing microarray gene expression data using model-based
clustering. Bioinformatics 2007, 23:1843-1845.
5. Achcar F, Camadro JM, Mestivier D: AutoClass@IJM: a powerful tool for
Bayesian classification of heterogeneous data in biology. Nucl Acids Res
2009, 37:W63-W67.
6. Eisen MB, Spellman PT, Brown PO, Botstein D: Cluster analysis and display
of genome-wide expression patterns. Proc Natl Acad Sci USA 1998,
95:14863-14868.
7. Dennis G Jr, Sherman BT, Hosack DA, Yang J, Gao W, Lane HC, Lempicki RA:
DAVID: Database for Annotation, Visualization, and Integrated Discovery.
Genome Biol 2003, 4:3.
Figure 2 Cluster analysis, functional enrichment analysis and integrated visualization of results using WebGimm platform. The analysis
flow is demonstrated by performing differential co-expression analysis using the DCIM algorithm [9]. The imported data is in the same format
used by the Eisen’s cluster program. After setting clustering paramers, the analysis is performed on the remote server. Results of the cluster
analysis can be visualized using the integrated FTreeView browser, downloaded to the local computer, or further functional analysis can be
performed. After the functional analysis, the results can again be visualized and analyzed using FTreeView.
Joshi et al. Source Code for Biology and Medicine 2011, 6:3
http://www.scfbm.org/content/6/1/3
Page 3 of 48. Medvedovic M: Identifying statistically significant patterns of expression
via Bayesian Infinite Mixture Models. Critical Assessment of Microarray Data
Analysis (CAMDA) 2000.
9. Freudenberg JM, Sivaganesan S, Wagner M, Medvedovic M: A semi-
parametric Bayesian model for unsupervised differential co-expression
analysis. BMC Bioinformatics 2011, 27:70-77.
10. Medvedovic M, Sivaganesan S: Bayesian infinite mixture model based
clustering of gene expression profiles. Bioinformatics 2002, 18:1194-1206.
11. Medvedovic M, Yeung KY, Bumgarner RE: Bayesian mixture model based
clustering of replicated microarray data. Bioinformatics 2004, 20:1222-1232.
12. Freudenberg JM, Joshi VK, Hu Z, Medvedovic M: CLEAN: CLustering
Enrichment ANalysis. BMC Bioinformatics 2009, 10:234.
13. Newman JC, Weiner AM: L2L: a simple tool for discovering the hidden
significance in microarray expression data. Genome Biol 2005, 6:R81.
14. Chang D, Kantardzic M, Ouyang M: Hierarchical clustering with CUDA/
GPU. Proceedings of the ISCA 22nd International Conference on Parallel and
Distributed Computing and Communication Systems (PDCCS 2009) 2009, 7-12.
doi:10.1186/1751-0473-6-3
Cite this article as: Joshi et al.: WebGimm: An integrated web-based
platform for cluster analysis, functional analysis, and interactive
visualization of results. Source Code for Biology and Medicine 2011 6:3.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Joshi et al. Source Code for Biology and Medicine 2011, 6:3
http://www.scfbm.org/content/6/1/3
Page 4 of 4